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AbstrAct
t-2 toxin is a secondary fungal metabolite produced by Fusarium species. Several in vitro and in vivo studies 
described genotoxic potential of t-2 toxin, which is generally accepted to be caused by oxidative stress. There are some 
data showing that colonic probiotic bacteria can remove mycotoxins via physical binding. mannan oligosaccharides 
(mOS) are widely used animal feed to improve gastrointestinal health. Because of their interaction with microbes, the 
aim of our study was to determine the possible protective effect of mOS in t-2 toxicosis. Sucking rabbits were randomly 
assigned into two experimental groups, the control (C, n = 20) and the prebiotic (P, n = 20) group. In group P the feed 
of the does was completed with mOS. The young rabbits were allowed to consume the feed of the does from about 
the 17th days of age. The rabbits were weaned on the 35th day. At 7 weeks of age both groups (C and P) were divided 
into two (n = 10 in each), and half of the C and P rabbits were fed with the same diet as before, but contaminated with 
2 mg/kg feed t-2 toxin (groups Ct and Pt). The animals were fed the toxin containing diet for the duration of 21 days. 
At the end of the 10th week blood samples were collected from 6 animals from group C, Ct and Pt. mononuclear cells 
obtained from the rabbits were tested in comet assay to detect the genotoxic effect of t-2. All control samples (C) were 
negative in the test, i.e. all cells were scored as ‘0’. t-2 toxin in 2 mg/kg feed concentration had genotoxic effect on the 
rabbits’ lymphocytes, as could be concluded from the comet values. mOS supplementation in the feed had significant 
protective effect against t-2 as seen by the lower comet score frequencies compared to t-2 treated animals. These results 
demonstrate that mOS may reduce risk associated with the uptake of mycotoxins probably by their binding capacity or 
antioxidative properties. 
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1 IntroductIon
t-2 toxin is a secondary fungal metabolite produced 
by Fusarium species and is the most toxic member of the 
type A trichothecenes. The ability of trichothecenes to in-
hibit protein, rnA and DnA synthesis, moreover apop-
totic effects was investigated using? t-2 toxin (Battilani et 
al., 2009; rocha et al., 2005). many publications reported 
apoptotic effects of t-2 toxin in vitro and in vivo as well 
and it can induce apoptosis, especially in high prolifer-
ating cell types, e.g., in haematopoietic, lymphoid, gas-
trointestinal cells and foetal tissue (SCf, 2001; Doi et al., 
2006; Jaradat, 2005). Several in vitro and in vivo studies 
described the genotoxic potential of t-2 toxin (eriksen 
and Alexander, 1998; SCf, 2001; WhO, 2001). The SCf 
(2001) and WhO (2001) reported inhibition of DnA and 
rnA synthesis by t-2 toxin in ex vivo cell cultures and 
in vitro, furthermore, total inhibition of DnA synthesis 
in phytohaemagglutinin-stimulated human peripheral 
blood lymphocytes. In another experiment t-2 toxin 
induced formation of free radicals and DnA damage in 
vitro and in vivo in mice liver cells (Jaradat, 2005). DnA 
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fragmentation was found in chicken spleen leukocytes 
in a feeding experiment with t-2 toxin (frankic et al., 
2006). The same authors observed increased DnA frag-
mentation in blood lymphocytes of pigs, after feeding 
diet with t-2 toxin (3 mg/kg) for 14 days (frankic et al., 
2008). In another feeding experiment, DnA fragmenta-
tion was observed in spleen leukocytes of male broiler 
chicks when the diet contained t-2 toxin (13.5 mg/kg) 
for 17 days (rezar et al., 2007). 
food contaminants are directly exposed to the ac-
tion of gut microbiota. Several studies showed that co-
lonic probiotic bacteria can remove mycotoxins via 
physical binding as a mechanism for mutagen removal 
(el-nezami et al., 2000; gratz et al., 2006). 
mannan oligosaccharides (mOS) are widely used 
in animal feed to improve gastrointestinal health, energy 
levels and performance. They are normally obtained from 
the yeast cell walls of Saccharomyces cerevisiae. mOS are 
able to bind the mannose receptors on the type 1 fim-
briae of some pathogen bacteria (such as Escherichia coli 
and Salmonella enteritidis) in order to prevent their at-
tachment to intestinal mucosa (firon et al., 1983; Spring 
et al., 2000). Because of their interaction with microbes, 
mOS could have an effect on microbial components of 
intestinal microbiota and/or on their activity.
The aim of the study was to determine the possible 
protective effect of mOS in t-2 toxicosis of rabbits. 
2 MaterialS and MethodS
2.1 ChemICALS
All chemical standards used in this study were ob-
tained from Sigma/hungary. Specialised chemicals used 
were: t-2 mycotoxin standard, histopaque-1077, rPmI-
1640 medium, and 4’, 6-diamine-2-phenylindol dihydro-
chloride (DAPI) for staining. 
2.2 AnImAL treAtment SCheDuLe
Suckling rabbits were randomly assigned into two 
experimental groups, the control (C, n = 20) and the 
prebiotic (P, n = 20) group. In group P the feed of the does 
was completed with mOS (Bio-mos, Alltech hungary, 
Budapest). The young rabbits were allowed to consume 
the feed of the does from about the 17th days of age. The 
rabbits were weaned on the 35th day. At 7 weeks of age 
both groups (C and P) were divided into two (n = 10 in 
each), and half of the C and P rabbits were fed with the 
same diet as before, but contaminated with 2 mg/kg feed 
t-2 toxin (groups Ct and Pt). The animals were fed the 
toxin containing diet for during 21 days. At the end of the 
10th week blood samples were collected from 6 animals 
from group C, Ct and Pt.
The does and their kits were housed in flat-deck 
cages (85x55 cm) while after weaning the growing rabbits 
were housed in two-level wire mesh cages (2 kits/cage) 
in a closed building. Average temperature ranged from 
21 to 29 °C, the lighting was on between 05:00 a.m. and 
09:00 p.m., and the farm had overpressure ventilation.
The diet contained 17% crude protein, 10% starch, 
5% soluble fibre and 22% acid detergent fibre (ADf).
t-2 toxin was produced experimentally on corn 
grits by Fusarium sporotrichioides strain nrrL 3299, as 
described by fodor et al. (2006). 
The experimental protocol was authorised by the 
food Chain Safety and Animal health Directorate of the 
Somogy County Agricultural Office, under permission 
number 23.1/02322/007/2008.
2.3 ISOLAtIOn AnD PurIfICAtIOn Of mOnO-
nuCLeAr CeLLS
venous blood from the marginal ear vein of the rab-
bits was put into eDtA tubes using a 2 ml sterile syringe 
with immediate transference. The collected blood was 
then mixed with an equal volume of rPmI-1640 tissue 
culture medium. The mixture was overlaid on histo-
paque 1077 and centrifuged at 3000 rpm for 30 minutes 
and the interface layer consisting of mononuclear cells 
was carefully removed with a sterile pipette. The mono-
nuclear cells (lymphocytes) were washed 3 times with 
15 ml rPmI-1640 and each time centrifuged at 3000 
rpm for 10 minutes. finally, the pelleted cells were re-
suspended in 10 ml of complete culture media (90% foe-
tal calf serum / 10% DmSO), transferred to eppendorf 
tube and were cultured at 370C in 5% CO2 humidified 
incubator for 24 hours. 
2.4 COmet ASSAy
One percent nmP (normal melting point agarose), 
was prepared by dissolving 0.5 g in 50 ml autoclaved 
distilled water in a beaker and heating in microwave 
until boiling with occasional mixing until it completely 
dissolved. new slides were coated with warm 1% nmP 
Agarose gel prepared by dipping the slide vertically into 
gel in a beaker, and then they were allowed to dry over-
night. About 140 µl of 1% warm low melting point aga-
rose (LmP) Agarose gel (37 ºC) in autoclaved distilled 
water was prepared as above and was added to incubated 
cells. The suspension was mixed gently and then quickly 
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70 µl was transferred to two spots on the previously coat-
ed slides. Th e suspensions were covered with cover slips 
(20x20 mm) and allowed to set for at least 10 minutes 
at 4 ºC. Th e cover slips were removed and mononuclear 
cellular membranes were lysed with lysing buff er solu-
tion (ph 10) for 1 hour at 4 ºC. Th e resulting nucleoids 
were unwound in alkaline electrophoresis buff er (ph13) 
in an electrophoresis tank (Cleaver Scientifi c Ltd. War-
wickshire, uK) for 40 minutes at 4 ºC and followed by 
electrophoresis at 25 v (300 mA) for 30 minutes at 4 ºC. 
Th e slides were placed in neutralizing buff er (ph 7.5) 
with 3 washes of 5 minutes each and fi nally washed in 
bi-distilled water for 5 minutes. Th e gels were allowed to 
dry overnight, stained with 30 µl of working solution of 
DAPI, covered with cover slips. Th e confocal fl uorescence 
images were generated using an Olympus fluoview fv-
1000 laser scanning confocal imaging system (Japan).
2.5 COmet ASSAy (DnA DAmAge) SCOrIng
manual scoring was done by following methods 
of Singh et al. (1988) and Collins et al. (1997) in which 
comets are classifi ed into ‘0’, ‘1’, ‘2’, ‘3’ and ‘4’ according 
to the relative intensity of DnA fl uorescence in the tail. 
fully disintegrated cells obtained the score of ‘5’. A mini-
mum of 100 cells per samples were scored according to 
the length or shape of the comet that was formed (hart-
mann et al., 2003).
2.6 StAtIStICAL AnALySIS
Statistics were calculated with SPSS 19. soft ware 
(SPSS Inc., Chicago, IL, uSA). Th e occurrence frequen-
cy of the comet assay scores was diff erent in the two 
groups, as determined by Chi-Square test and two way 
contingency table analysis (P < 0.0001). Th is refers to the 
condition that the distribution of the individual comet 
scores (from 0 as undamaged to 5 as strongly damaged) 
falls apart from the theoretic 50–50% distribution by all 
6 score values. 
3 reSUltS and diScUSSion
mononuclear cells obtained from control (C), t-2 
exposed (Ct) and t-2 exposed plus mOS supplemented 
rabbits (Pt) were tested in comet assay to detect the gen-
otoxic eff ect of t-2. All control samples (C) were negative 
in the test, i.e., all these cells were scored as ‘0’. t-2 toxin 
in 2 mg/kg feed concentration had genotoxic eff ect on 
the rabbits’ lymphocytes, as concluded from the comet 
values (fig. 1). Only 33% of the cells had 0 value (i.e., not 
aff ected by the toxin) and some cells with a ‘5’score could 
be detected, which indicates their complete disinte-
gration.
mOS supplementation in the feed had signifi cant 
protective eff ect against t-2 as seen by the diff erent 
comet score frequencies of cells compared to those in 
t-2 treated animals. In Pt animals 55% of the cells were 
intact, scored as ‘0’. Signifi cantly lower frequencies were 
found in case of scores ‘1’, ‘2’, and ‘4’. Disintegration of the 
cells (score 5) was not observed. 
In vivo genotoxic eff ect of t-2 toxin on mononuclear 
cells (lymphocytes) has been barely studied by comet as-
say. In male broiler chickens fed t-2 toxin of 10 mg/kg 
feed for 17 days DnA damage in spleen leukocytes was 
detected by comet assay (frankic et al., 2006). When t-2 
toxin was added to the diet of the chickens for a 17-d 
period, the rate of DnA damage in spleen leukocytes 
Figure 1: Frequency of comet scores of mononuclear peripheral blood cells obtained from T-2 exposed (CT) and T-2 exposed plus 
MOS consuming (PT) rabbits. a,b indices mean signifi cant (P < 0.05) diﬀ erence between treatments.
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increased significantly in the group fed 13.5 mg of t-2 
toxin/kg of feed compared to the control group (rezar 
et al., 2007). Sokolovic et al. (2007) administered a sin-
gle dose of t- toxin (0.5 mg/kg of body weight) to male 
5 days old chickens which was genotoxic to their blood 
lymphocytes. male crossbred pigs were fed 3 mg/kg t-2 
toxin for 14 days, which increased the amount of DnA 
damage in peripheral blood lymphocytes by 27%, (fran-
kic et al., 2008). In our study, lower concentrations of t-2 
toxin than those used in the studies above were admin-
istered to rabbits still caused significant DnA damage in 
peripheral lymphocytes. This is in accordance with the 
observations of Wannemacher and Wiener (1997) who 
considered rabbits as rather sensitive to t-2 toxin. Cae-
cotrophy, by which substantial toxin quantities get back 
into the digestive tract so resulting in prolonged excre-
tion times, may play a role in rabbits’ high sensitivity to 
toxic substances (ványi and glavits, 1988).
mOS are widely used as prebiotic substances in 
animal nutrition, which act by competitive exclusion of 
enteric pathogens. There are several papers referring the 
positive effect of mOS on performance and health of rab-
bits (cited in maertens et al., 2006) but few data relating 
mycotoxin effects to dietary fibres, like glucomannans. 
however, it was shown that the supplementation of the 
diet with glucomannan protected against the immuno-
toxicity of aflatoxin B1 and t-2 toxin (meissonnier et al., 
2009). rabassa et al. (2010) reported reduced liver dam-
age in ewes caused by AfB1 when adding dietary fibre 
glucomannan. In the study of meca et al. (2012) soluble 
alimentary dietary fibres decreased the duodenal bio-ac-
cessibility of the Fusarium micotoxin beauvericin, while 
bio-accessibility ranged from 1.3 to 38-fold higher after 
colonic bacterial fermentation of the fibre. This indicates 
that fibre has the property to bind mycotoxins, which is 
supported by the fibre fermentation in the hindgut in-
creasing mycotoxin concentration and bio-accessibility 
in the colon. These results demonstrate that some prebi-
otic substances, such as mOS, may reduce risk associated 
with the uptake of mycotoxins by their binding capacity. 
Another possible way how mOS exerts protective 
effect against the genotoxic effect of t-2 may be by its 
antioxidative properties. It is generally accepted (Schuh-
macher-Wolz et al., 2010), that DnA damage caused by 
t-2 is caused by oxidative stress (marked by depletion 
of glutathione levels and increased lipid peroxidation). 
Such antioxidative and antimutagenic effect of yeast cell 
wall mannans were described by Križková et al. (2001, 
2006). 
According to our results and those found in the lit-
erature, mOS appear to be promising, not only as natural 
growth promoters but also as protective agents against 
mycotoxins in feeds.
4 acKnowledgeMent
research was funded by the hungarian Scientific 
research fund (project no.: 100810), the hungarian 
Academy of Sciences (within the frame of the mtA-Ke 
mycotoxins in the food chain research group) and the 
tÁmOP 4.2.1.B-10/2/KOnv-2010-0002 project. The 
purchase of the Olympus fluoview fv-1000 laser scan-
ning confocal imaging system was supported by grant 
gvOP-3.2.1-2004-04-0172/3.0 to Pécs university. We 
are grateful to Dr. András Szabó for his help in the statis-
tical analyses.
5 referenceS
Battilani P., Costa L.g., Dossena A., gullino m.L., marchelli r., 
galaverna g., Pietri A., Dall’Asta C., giorni P., Spadaro D., 
gualla A. 2009. Scientific information on mycotoxins and 
natural plant toxicants. CfP/efSA/COntAm/2008/01. 
Scientific / technical report submitted to efSA.  
http://www.efsa.europa.eu/de/scdocs/doc/24e.pdf
Collins A., Dusinská m., franklin m., Somorovská m., Petro-
vská h., Duthie S., fillion L., Panayiotidis m., raslová K., 
vaughan n. 1997. Comet assay in human biomonitorin 
studies: reliability, validation, and applications. environ-
mental and molecual mutagenesis, 30, 2: 139–146
Doi K., Shinozuka J., Sehata S. 2006. t-2 toxin and apoptosis. 
Journal of toxicologic Pathology, 19: 15–27
el-nezami h., myknen h., Kankaanp P., Salminen S., Ahokas 
J. 2000. Ability of Lactobacillus and propionibacterium 
strains to remove aflatoxin B1 from chicken duodenum. 
Journal of food Protection, 63: 549–552
eriksen g.S., Alexander J. 1998. fusarium toxins in cereals – a 
risk assessment. temanord 1998: 502. Copenhagen, nordic 
Council of ministers
firon n., Ofek I., Sharon n. 1983. Carbohydrate specificity of 
the surface lectins of escherichia coli, Klebsiella pneumo-
nia and Salmonella typhimurium. Carbohydrate research, 
120: 235–249 
fodor J., németh m., Kametier L., Pósa r., Kovács m., horn 
P. 2006. novel methods of fusarium toxins’ production for 
toxicological experiments. Acta Agraria Kaposváriensis, 10: 
277–284
frankic t., Pajk t., rezar v., Levart A., Salobir J. 2006. The role 
of dietary nucleotides in reduction of DnA damage in-
duced by t-2 toxin and deoxynivalenol in chicken leuko-
cytes. food and Chemical toxicology, 44: 1838–1844
frankic t., Salobir J., rezar v. 2008. The effect of vitamin e 
supplementation on reduction of lymphocyte DnA damage 
induced by t-2 toxin and deoxynivalenol in weaned pigs. 
Animal feed Science and technology, 141: 274–286
gratz S., mykkänen h., Ouwehand A.C., Juvonen r., Salminen 
S., and el-nezami h. 2006. Intestinal mucus alters the abili-
ty of probiotic bacteria to bind aflatoxin B1 in Vitro. Applied 
and environmental microbiology, 72: 7398–7400
hartmann A., Plappert u., Poetter f., Suter W. 2003. Compara-
Acta agriculturae Slovenica, Supplement 3 – 2012 355
PreLImInAry InveStIgAtIOnS IntO the effeCt Of feeDIng mAnnAn OLIgOSACChArIDe ... By COmet ASSAy
tive study with the alkaline Comet assay and the chromo-
some aberration test. mutation research, 536: 27–38
Jaradat Z.W. 2005. t-2 mycotoxin in the diet and its effects on 
tissues. In: reviews in food and nutrition toxicity. volume 
4. Watson r.r., Preedy v.r. (eds.). Boca raton, CrC Press: 
173–212 
Križková L., Ďuračková Z., Šandula J., Sasinková v., Krajčovič J. 
2001. Antioxidative and antimutagenic activity of yeast cell 
wall mannans in vitro. mutation research, 497: 213–222
Križková L., Žitňanova I., mislovičová D., masárová J., 
Sasinková v., Ďuračková Z., and Krajčovič J. 2006. Antioxi-
dant and antimutagenic activity of mannan neoglycoconju-
gates: mannan-human serum albumine and mannan-peni-
cillin g acylase. mutation research, 606: 72–79
maertens L., falcao-e-Cunha L., marounek m. 2006. feed ad-
ditives to reduce the use of antibiotics. In: recent advances 
in rabbit Science. maertens L., Coudert P. (eds.). merel-
beke, Belgium, Plot-it bvba: 259–266
meca g., meneghelli g., ritieni A., manes J., font g. 2012. In-
fluence of different soluble dietary fibers on the bioaccessi-
bility of the minor fusarium mycotoxin beauvericin. food 
and Chemical toxicology, 50: 1362–1368
meissonnier g.m., raymond I., Laffitte J., Cossalter A.m., Pin-
ton P., Benoit e., Bertin g., galtier P., Oswald I.P. 2009. 
Dietary glucomannan improves the vaccinal response in 
pigs exposed to aflatoxin B1 or t-2 toxin. World mycotoxin 
Journal, 2: 161–172 
rabassa v.r.,  Schwegler e., goulart m.A.,  Lopes m.S., hoff-
mann D.A.,  Lisboa f.P.,  vendramin L.,  roll v.f.B.,  Diaz 
g.J., del Pino f.A.B., Corrêa m.n. 2010. metabolic param-
eters of ewes receiving diets containing a flatoxin and zeara-
lenone with addition of modified glucomannan. Brazilian 
Journal of veterinary research and Animal Science, 47: 
67–73
rezar v., frankic t., narat m., Levart A., Salobir J. 2007. Dose-
dependent effects of t-2 toxin on performance, lipid per-
oxidation, and genotoxicity in broiler chickens. Poultry Sci-
ence, 86: 1155–1160
rocha O., Ansari K., Doohan f.m. 2005. effects of trichothe-
cene mycotoxins on eukaryotic cells: a review. food Addi-
tives and Contaminants, 22: 369–378
Schuhmacher-Wolz u., heine K., Schneider K. 2010. re-
port on toxicity data on trichothecene mycotoxins ht-2 
and t-2 toxins. Ct/efSA/COntAm/2010/03, Ques-
tion no efSA-Q-2010-0143.    
http://www.efsa.europa.eu/en/scdocs/doc/65e.pdf
SCf, Scientific Committee on food, 2001. Opinion of the Sci-
entific Committee on food on fusarium toxins. Part 5: t-2 
toxin and ht-2 toxin, adopted on 30 may 2001. SCf/CS/
Cntm/myC/25 rev 6 final. http://ec.europa.eu/food/fs/
sc/scf/out88_en.pdf. 
Singh n.P., mcCoy m.t., tice r. r., Schneider e. L. 1988. A 
simple technique for quantitation of low levels of DnA 
damage in individual cells. experimental Cell research, 
175: 184–191
Sokolovic m., garaj-vrhovac v., ramic S., Simpraga B. 2007. 
Chicken nucleated blood cells as a cellular model for geno-
toxicity testing using the comet assay. food and Chemical 
toxicology, 45: 2165–2170
Spring P., Wenk C., Dawson K.A., newman K.e. 2000. The ef-
fects of dietary mannan-oligosaccharides on caecal param-
eters and the concentrations of enteric bacteria in the ceca 
of Salmonella-challenged broiler chicks. Poultry Science, 
79: 205–211
ványi A., glavits r. 1988. effect of trichothecene mycotoxins 
(satratoxin h and t-2 toxin) on the lymphoid organs of 
mice. Acta veterinaria hungarica, 36:37–41 
Wannemacher r.W., Wiener S.L. 1997. trichothecene myco-
toxins. Chapter 34. In: medical Aspects of Chemical and 
Biological Warfare. Sidell f.r., takafuji e.t., franz D.r. 
(eds.). Washington, DC, Office of The Surgeon general at 
tmm Publications, Borden Institute, Walter reed Army 
medical Center: 655–676
WhO, World health Organization, 2001. WhO food Addi-
tives Series: 47. Safety evaluation of certain mycotoxins in 
food. Prepared by the fifty-sixth meeting of the Joint fAO/
WhO expert Committee on food Additives (JeCfA).  
http://www.inchem.org/documents/jecfa/jecmono/
v47je01.htm
